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Introduction: The pathophysiology underlying the skin changes seen in chronic venous insufficiency (CVI) is multifac-
torial. Sedentary lifestyle and prolonged sitting and standing at work have been proposed by some authors to be
influential in the development of CVI skin changes. This study compared the 24-hour activity profiles in patients with
different clinical severities of CVI and normal controls.
Methods: Patients were classified into groups according to CEAP clinical severity classes: mild (C2&C3), moderate (C4)
and severe (C5&C6). Activity profiles were measured in 60 patients and 15 controls using a Newcastle Universities
Medical Activity (NUMACT) monitor, which recorded the duration spent in supine, sitting, and standing postures as
well as duration spent walking and the walking intensity over a 24-hour period. Analysis was performed by Kruskal-
Wallis and Mann-Whitney tests and Spearman correlation.
Results:Walking intensity was significantly different between the controls and patient groups during prolonged walking
(P < .001). The controls spent significantly more time standing in a 24-hour period than any of the CVI clinical groups
(P .036), and the percentage time spent sitting was significantly higher in the patient groups (P .025). No significant
differences were found in the total number of steps taken or total duration spent walking in the 24-hour period between
any of the groups.
Conclusion: This study shows that walking intensity is lower in the more severe clinical groups and may be influenced by
the clinical severity of CVI. The study provides evidence that prolonged sitting and reduced standing is associated with
increased severity of CVI, which may by an effect of the patient’s symptoms rather than a cause of disease progression.
(J Vasc Surg 2006;44:580-7.)The prevalence of chronic venous disease in Western
populations is estimated at 40% to 55%.1,2 Visible truncal
varicose veins comprise 10% to 15%, chronic venous insuf-
ficiency (CVI), 2% to 7%; and venous ulceration, 0.5% to
1%. Research into the risk factors for the development and
progression of cutaneous changes seen in patients with
CVI has revealed a multifactorial etiology. The risk factors
sited are the presence of varicose veins and deep venous
reflux,3-5 advancing age,3,5 heredity,3-5 sedentary lifestyle,
prolonged sitting and standing at work,3,4,6-9 disturbed
gait, decreased calf muscle endurance,10 increased height in
women,5 and increased weight.4
The role of a sedentary lifestyle and working postures
has been reported by several authors to influence the devel-
opment and progression of CVI, with workers who are
thought to spend prolonged periods of time sitting or
standing at work being at increased risk.11-16 The influence
of working posture on the development of varicose veins is
still unclear, and agreement is not complete on the relative
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580influence of prolonged standing, reduced ambulation, and
sitting for extended periods.
Many studies are subjective and are unclear about the
length of time that certain postures are maintained. In one
study in 1986 on the prevalence of varicose veins in farm
workers, railway workers and housewives, who spent most
of their day standing, sitting, and walking, respectively,
Maffei et al17 found no difference in the prevalence of the
disease. The length of time spent performing these activi-
ties however was not mentioned. Weddel18 and Guberan
et al12 demonstrated a negative association between venous
disease and standing in a community sample and in store
employees respectively. Positive associations between pro-
longed standing at work and varicose veins have been
reported by Mekky et al,8 Stvrtinova et al,7 and Hobson,9
but the authors’ definitions of prolonged standing were
unclear and the length of time in an upright position is not
stated in any of the studies.
Abramson et al,19 found a greater prevalence of vari-
cose veins in workers who spent 50% of their shift in an
upright posture compared with sitting,19 and Krijnen e t a l 20
reported that workers who spent 80% of a full working
day in a 1-meter2 area had an increased risk of developing
lower limb venous disease. According to the same authors,
there is a twofold risk of developing CVI with a standing
occupation compared with one that involves walking.21
The reviewed studies used medical questionnaires or
phone interviews to assess the duration spent in different
postures at work and the degree of ambulation, making all
of the data subjective and potentially open to bias. In
addition, no data were collected on the frequency of shifts,
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outside of the workplace, which should be expected to have
a large impact on the development and progression of CVI.
To the authors’ knowledge, objective measurements of
activity in patients with CVI have never been reported.
The aims of this study were to objectively measure and
compare the 24-hour activity profiles in employed individ-
uals on a working day with different clinical severities of
CVI. The clinical severity of CVI was determined by the
CEAP classification, which is the universally accepted clas-
sification of CVI.22,23
METHODS
Ethics approval was obtained from the relevant govern-
ing bodies. Patients were recruited from vascular surgery
outpatient clinics at Queen Elizabeth Hospital, Gateshead,
and Freeman Hospital, Newcastle Upon Tyne. A control
group of healthy volunteers was recruited from medical,
nursing, and clerical staff from the hospitals. Patients who
were unfit for surgery, declined surgery, or declined to
participate in the study were excluded. Patients were only
recruited if they had venous reflux and were deemed suit-
able for superficial venous surgery by their consultant vas-
cular surgeons. The recruiter (R. K. G. E.) saw 102 patients
in clinic in a 1-year period, and 60 (59%) were included in
the study. The inclusion and exclusion criteria are given in
Table I. All participants were of working age and employed.
Patients were excluded if there was any history of impaired
mobility, current musculoskeletal disease, or other illness
that limited activity.
All participants underwent venous lower limb duplex
ultrasound scans to confirm the presence of venous reflux
and to rule out any venous obstruction, and in the control
group, to rule out lower limb venous pathology. The scans
were performed with a Philips ATL HDI 3000 scanner
(Bothell, Wash) using a 7- to 10-MHz linear probe. All
scans were performed with the patients standing, and ve-
nous reflux was defined as reversed flow of 0.5 seconds’
Table I. Inclusion and exclusion criteria
Inclusion criteria
● All patients with lower limb venous disease, belonging to
any of the clinical classes of the CEAP classification C2, C3,
C4, C5 and C6
● All patients belong to CEAP EP and PR
● All CVI patients between ages 18 and 65
● Patients and controls must be employed
Exclusion criteria
● All patients belonging to CEAP EC, PO and PO and R
● A history suggestive of deep venous obstruction
● Peripheral arterial disease (defined by ABPI  0.9)
● Any history of systemic diseases such as angina, myocardial
infarction, asthma, COAD, CCF hepatic failure, malignancy
and renal failure
● Current pregnancy
● Any history of debilitating disease
ABPI, Ankle-brachial pressure index; COAD, chronic obstructive airway
disease; CCF, congestive cardiac failure.duration in superficial and deep calf veins. Reflux in thefemoral and popliteal veins was defined as reversed flow of
1 second. Outward flow in perforating veins of 0.35
seconds was considered diagnostic of perforator reflux. The
CEAP Clinical State, Anatomic Distribution, Disability
(“C-A-D”) severity score24 was calculated for each partici-
pant.
Patients were classified into groups by severity, accord-
ing to CEAP23 clinical classes (by R. K. G. E.) mild
(C2&C3), moderate (C4a&C4b), and severe (C5&C6).
Activity profiles were measured during 24 hours on a
typical working day using a Newcastle Universities Medical
Activity (NUMACT) monitor. This device consists of a
microprocessor and data logger contained in a single unit.
It allows accurate recording of the activity of an individual
in terms of posture—supine, sitting, standing—and activity
Fig 1. Newcastle Universities Medical Activity device with chest
and limb leads.
Fig 2. The chest lead containing the accelerometer and position
sensor and the limb lead containing a position sensor are taped
anterior to the sternum and onto the lateral aspect of the upper
thigh respectively. The central unit is worn in a pouch around the
waist.while standing—number and intensity of steps taken.25
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via a position sensor containing a mercury tilt switch and
accelerometer, which is taped to the chest, and a second
position sensor containing a mercury tilt switch is attached
to the lateral aspect of a lower limb (Figs 1 and 2). The
NUMACT device was worn for 24 hours and the data
collected included the total duration spent standing (with-
out walking), sitting, and lying. Walking intensity was
measured by recording:
1. the number of steps, defined as “occasional steps,”
“short walks” or “continuous walks,” depending on the
number of steps taken without a 2-second break (Table
II); and
2. the step amplitudes of the walking intensity, which is an
arbitrary number between 1 and 120 that is directly
proportional to the strength of each heel strike on the
ground. It gives an indirect measure of walking speed,
such that an individual shuffling around in a confined
space would have a low-intensity heel strike and a low
step amplitude, whereas someone walking briskly would
have a high-intensity heel strike and high step
amplitude.
After data collection, all patients filled a simple ques-
tionnaire (Appendix, online only) on their daily activities to
determine whether it differed from an average working day
and whether any unforeseen circumstances affected their
daily activities (eg, minor illness or weather). In instances
where activities were unexpectedly increased or decreased,
data collections were repeated. Data were downloaded
from the NUMACT devices using a specifically designed
software program (NUMACT download), exported di-
rectly for collation into Microsoft Access (Redmond,
Wash) and then into Minitab (Minitab, Inc, State College,
Penn) for analysis. The variables were compared between
controls and CEAP clinical groups. Data collected were
nonparametric, therefore, analyses were performed by anal-
ysis of variance using Kruskal-Wallis analysis and Mann-
Whitney tests. Correlations between variables were per-
formed using Spearman’s test. All tables contain median
values of measured results and interquartile ranges are
shown in parentheses.
RESULTS
The study enrolled 60 patients. Three of 18 clinically
healthy volunteers were excluded from the study because
ultrasound scanning found undiagnosed venous reflux.
Table II. Walking intensity according to the numbers of
steps taken while upright
Number of steps
Occasional steps 20 steps without a 2-second rest
Short walks 20 to 100 steps without a 2-second rest
Continuous walks 100 steps without a 2-second restThe study included 24 patients with mild clinical severity(C2&C3), 24 with moderate severity (C4), and 12 patients
with healed or active venous ulceration (C5&C6). The
revised CEAP classification was used to subclassify the 24
C4 patients into C4a (n  5) and C4b (n  19). The
number of male and female participants, the mean age,
weight, height and body mass index (BMI) of each group
are summarized in Table III. The P values indicate variance
across all groups. The significant differences in ages lie
between the control group and the patient groups, but not
between patient groups. The BMI increased with increas-
ing clinical severity of CVI, with significant differences
between the control and the C4 and C5&C6 groups, P 
.0033 and .0004, respectively.
On the day of monitoring, 70 participants (93%)
reported working for 4 to 8 hours, three (4%) reported
working for 8 hours, and two participants (3%) for 4
hours of the day. All participants reported that these
were normal working days. Sixty-eight (91%) reported
that they worked 5 days per week, five (6%) reported
working 5 days per week, and two (3%) worked 5
days per week.
The distribution of venous reflux determined from
ultrasound scans is listed in Table IV. All patients had reflux
without any venous obstruction. The C2&C3 group had
superficial reflux and superficial with perforator reflux.
Seven patients had deep venous reflux diagnosed on ultra-
sound scans. These were distributed in the C4b and
C5&C6 groups. The median and interquartile range of the
C-A-D severity score of each CEAP group is shown in Fig
3, and activity measurements have been analyzed in relation
to the C-A-D severity scores.
Time spent in stationary postures. Overall, the per-
centage times spent standing and sitting were weakly
correlated with the CAD severity score: r  –0.29, P 
.016 and r 0.321, P .007, respectively. The percent-
age time spent standing was significantly greater in the
control group (median, 49.3%) compared with any other
group (P  .036) (Table V, Fig 4). Patients with clinical
class C4 to C6 spent a significantly smaller proportion of
their day standing (29.3%) compared with the control
group (49.3%) (P  .009). Likewise the C2&C3 group
spent significantly less time standing than the controls (P
 .016). Overall, the percentage of time spent sitting
was greatest in the severe (C5&C6) group compared
with any other groups (Fig 5). Statistically, this was
significant between the severe group and the control
group (P .0008). Patients with clinical severities C4 to
C6 spent a significantly greater proportion of their day
sitting (35.8%) compared with the control group
(27.3%) (P  .007). No obvious differences were noted
between any of the groups in the percentage of time
spent lying.
Walking intensity (number of steps). The total
numbers of steps taken in a 24-hour period were similar in
all groups (Table VI). The numbers of steps were further
assessed, as explained in Table II in terms of continuous
walks (100 steps without a 2-second break), short walks
(20 to 100 steps without a 2-second break), and occasional
everi
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median number of occasional steps taken decreased with
increasing clinical severity, this was not statistically differ-
ent. The number of steps taken during short walks was
similar in all groups, as was the number of steps taken
during continuous walking activity. The severe group did
appear to be the most active group, however, and per-
Fig 3. Clinical Anatomical Disability (C-A-D) s
Table III. Clinical characteristics of healthy controls and
C0*
n  15 (%)
C2&C3
n  24 (%
Sex (M:F) 9:6 7:17
Average age (yrs) 39 (26-44) 46 (33-67
Weight (kg) 76.8 69.7
Height (cm) 168.3 155.5
BMI (kg/m2) 27.1 28.8
BMI, Body mass index.
Data are percentages, or medians and ranges.
*Healthy controls.
Table IV. Anatomic distribution of reflux
among participants
C0 C2&C3 C4a C4b C5&C6 Total
NC 15 15
S 0 12 2 6 4 24
S&P 0 12 3 10 4 29
D&S/P 0 0 0 3 4 7
Total 15 24 5 19 12 75
NC, Normal controls; S, superficial reflux; S&P, superficial and perforator
reflux; D&S/P, deep plus superficial or perforator reflux.formed the highest number of continuous walking stepscompared with any other group. This difference was statis-
tically significant between the C4 and C5&C6 groups (P
.018).
Walking intensity (step amplitudes). Although sim-
ilarities existed between the clinical groups in the number
of steps taken, the step amplitudes during continuous walk-
ing were significantly different between the control group
ty score in relation to the CEAP clinical groups.
nt groups
CEAP group
C4
n  24 (%)
C5&C6
n  12 P
20:4 11:1
55 (39-65) 45 (29-60) .001
87.1 96.7 .001
167.7 172.3 .001
30.9 32.5 .001
Table V. Median values of the percentage of time
standing, sitting, and lying in a 24-hour period and
analysis of variance P values between groups
No.
Time
standing (%)
Time
sitting (%)
Time
lying (%)
Healthy controls 15 49.3 27.3 24.3
C2&C3 23 34.4 28.8 35.1
C4 23 29.3 31.1 33.0
C5&C6 12 31.1 38.8 28.4
P .036 .025 .337patie
)
)and each of the patient groups (P  .001) (Table VII,
ps. Individual value plots, interquartile ranges and medians.
s. Individual value plots, interquartile ranges and medians.
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volving short walks, but was less significant (P  .025).
Step amplitudes during occasional steps were similar in
each of the groups.
The differences in continuous walking step ampli-
tudes were seen between the control group and each of
the patient groups. The median step amplitude de-
creased with increasing clinical severity, but the differ-
ences between the patient groups were not significant
statistically.
Five patients in the C4 group had continuous walk-
ing (CW) step amplitudes higher than expected (similar
Fig 4. Percentage time spent standing vs clinical grou
Fig 5. Percentage time spent sitting vs clinical grouplevels to the controls and mild group). All of theseTable VI. Number of steps taken in 24 hours and during
different walking intensities
Total
steps
Occasional
steps
Short
walk steps
Continuous
walks steps
Healthy
controls 18450 11488 4558 2385
C2&C3 20433 9989 6368 2692
C4 17679 7922 5412 1509
C5&C6 15716 6190 5443 4747
P .341 .126 .435 .039
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evidence of lipodermatosclerosis (CEAP C4a). Of the
other 19 patients in the C4 group, 18 had skin changes
of lipodermatosclerosis (CEAP C4b), further indicating
an association between lower step amplitudes and the
presence of more severe skin changes.
DISCUSSION
The most consistent correlations between clinical se-
verity of CVI risk factors are the presence of varicose veins
and deep venous reflux,3-5 advancing age,3,5 heredity,3-5
sedentary lifestyle, prolonged sitting and standing at
work,3,4,6-9 and increased weight.4
Increased CVI severity correlated well with partici-
pants’ ages (r  0.486, P  .001). This is expected as
increased age is a risk factor for the development of CVI
clinical changes.3,5,6 Groups were not matched for sex,
with a predominance of women in the C2&C3 group and
the more severe clinical groups containing predominantly
men (r  0.426, P  .001). This is in keeping with the
epidemiologic findings of Carpentier et al5 and Evans
et al,26 who found an increased prevalence of venous skin
changes in men compared with women. The control group
was sex matched, however, and did not show any difference
in results between men and women. Overall, there were no
significant correlations between sex and the percentage of
time standing (r  0.232, P  .055), percentage of time
sitting (r –0.159, P .188), or continuous walking step
amplitude (r  0.224, P  .063).
Our study found a good correlation between CVI
severity scores and BMI (r  0.545, P  .001), indicating
a positive association between obesity and CVI severity.
Our findings have failed to demonstrate a positive associa-
tion between the development of CVI skin changes and
prolonged standing throughout the day. Our findings sup-
port the theory of Carpentier et al,5 who reported that
prolonged sitting and standing were risk factors for venous
symptoms rather than for the development of venous skin
changes. Our findings are similar to those of Carpentier el
al, as patients with increasing CVI severity spent more time
sitting and less time standing throughout the day compared
with controls. Patients in clinical classes C2 to C6 spent a
significantly smaller proportion of their day standing com-
Table VII. Step amplitudes in the total 24-hour period
and during different levels of walking activities
Average step
amplitude
Occasional
steps
amplitude
Short walks
amplitude
Continuous
walks
amplitude
Healthy
controls 42.1 21.8 54.7 96.8
C2&C3 32.5 17.9 32.9 66.1
C4 34 18.7 37.9 71.3
C5&C6 29.8 13.1 33.1 54.9
P .07 .055 .025 .001pared with the control group. If prolonged standing was asignificant factor in the development of CVI skin changes,
the C2&C3 group would be expected to spend signifi-
cantly more time standing than more severe groups, how-
ever, the C2&C3 group also demonstrated a reduced per-
centage of time standing.
In contrast, the percentage time spent sitting was low-
est in the control group and increased with increasing
clinical severity of CVI. The patients with clinical severities
C4 to C6 spent a significantly greater proportion of their
day sitting compared with the other groups. These differ-
ences may be accounted for by the symptoms patients
experience owing to their CVI.With increasing severity and
advancing swelling and ache, patients are more inclined to
sit (and elevate their feet) rather than spend time standing,
which would aggravate their symptoms.
Several authors have reported an association between
prolonged sitting and standing during work4,6 and the
development of CVI skin changes. This is thought to be
due to prolonged periods of venous hypertension while
sitting or standing for prolonged times. The drawbacks of
these studies are that they are subjective. They used patient
questionnaires, and they investigated patient activities dur-
ing work only, and therefore, did not take into account
their activities throughout the day (ie, whether or not they
perform activities requiring prolonged standing or sitting
before and after work). They also failed to take into account
patients’ ambulatory activity, whichmust play an important
role in the development of CVI because it is the loss of
ambulatory venous hypotension occurring as a result of
venous reflux that results in prolonged elevated venous
pressures and consequently in venous skin changes.27-30
Our study method is more objective and assesses patients’
activities over a longer period of time, giving a more
accurate indication of their activities over the course of
a day.
It is well accepted that elevated ambulatory venous
pressures play a role in the development of CVI skin
changes. Several authors have shown that ambulatory ve-
nous pressure falls steadily with continuous activity.27,28,30
Furthermore, Amarigiri31 demonstrated that patients with
healed and active venous ulcers needed to walk continu-
ously to accomplish the same fall in venous pressure at-
tained by controls after taking a few steps. One might
expect patients with more severe disease to spend more
time performing low-intensity activities (taking occasional
steps in a confined space) than performing higher intensity,
more purposeful ambulation (continuous walking); how-
ever, the control group performed the most low-intensity
activities and took the most occasional steps of all the
groups. The number of short walks was similar in all of the
groups; however, the number of continuous walking steps
in the severe clinical group was higher than the other
groups. The low number of occasional steps with increasing
severity is consistent with the finding that these patients
spent less time standing and doing activities that conceiv-
ably would not lower venous pressure. Patients would be
expected to be more symptomatic during such activities.
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strength of each heel strike on the ground and indirectly
reflect walking speed. The step amplitudes during contin-
uous walking in the C5&C6 group were the lowest among
all of the groups, and this was most significant between the
C5&C6 group and the controls. Despite having the lowest
continuous walking step amplitude, the number of steps
taken during continuous walking was highest in the
C5&C6 group. Continuous walking is usually performed
during necessary activities of daily living. The increased
number of continuous walking steps in the C5&C6 group
cannot be easily explained; however, it indicates that pa-
tients were not unable to perform necessary activities. De-
spite a need for continuous walking throughout the day to
carry out daily activities, this was done at a slower pace as
evidenced by the diminished step amplitude. Therefore, the
lower step amplitude and consequently diminished stride
lengths are likely to be responsible for the increased num-
ber of continuous walking steps taken by the C5&C6
group.
These patients would be expected to lower their ambu-
latory venous pressure to a lesser degree than individuals
with higher step amplitudes. It is difficult to determine
whether low step amplitudes are an effect of patients’
symptoms or whether they are a cause, however, if low step
amplitudes are associated with higher ambulatory venous
pressures over time this would result in worsening of their
clinical severity, causing a downward spiral of events. Back
et al32 found that limited ankle range of movement was
associated with venous ulceration. It is possible that re-
duced ankle range of movement owing to edema and
indurations may be responsible for the reduced step ampli-
tude seen in these patients.
Although our study assessed activity in CVI patients
Fig 6. Continuous walking step amplitude vs clinica
medians.objectively, it is still limited because we relied on patientsreporting whether their daily activities were increased or
decreased compared with the usual. For a more accurate
and objective measure of activity, repeated measurements
would have to be made over several days, which were not
possible owing to limited resources. Most participants
worked for 4 to 8 hours on the day of monitoring and
reported an average 5-day workweek, and their monitoring
was considered representative of their average activities. No
significant differences existed in the days or the seasons on
which monitoring took place, because these factors may be
expected to affect an individual’s activities. Table V.
CONCLUSION
This study objectively assessed the activities of individ-
uals with CVI. The patients in our study sample with more
severe skin changes were less active. They did not spend
more time standing throughout the day, and they did
spend more time sitting than groups of lesser clinical sever-
ity. This may be a result of their clinical symptoms rather
than a cause of their skin changes. Walking intensity
during prolonged walking was decreased in patients with
venous skin changes, which may reduce the venous
pressure-lowering effect of exercise in the lower limb.
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Normally, lower extremity venous hemodynamics includes
a reduction in ambulatory venous pressure with increased pa-
tient activity and calf muscle pump function. The absence of this
pressure reduction has been linked to the progression of chronic
venous insufficiency (CVI) and recurrence of venous ulcer-
ations. A potential cause of elevated venous pressures is reduced
patient activity, and a link between more sedentary lifestyles and
CVI has been explored previously with mostly subjective mea-
sures of activity. The present study attempts a more objective
analysis with an electronic activity and walking monitor in 60
patients with varying degrees of CVI during a single 24-hour
workday.
The main outcome measures were the level of patient activity
and walking intensity as determined by this unique activity-
monitoring device. Briefly, control patients were observed to
spend more time walking and standing and less time sitting
compared with CVI patients. The control subjects also had lowertients with severe CVI were found to walk the most but with lower
step amplitudes.
Although this study offers important observations, the rela-
tionship between sedentary lifestyles and CVI is still less than clear.
For example, is the increased time sitting and the higher BMI’s
noted in CVI patients an etiologic factor in the progression of CVI
or a result of the symptoms associated with it? Is the altered gait
with lower step amplitudes seen in the most severe CVI patients an
etiologic factor or a result of the observed skin changes? The
answer remains to be fully elucidated but is probably a bit of both.
The study’s authors are to be commended for adding an
objective measure to the study of patient activity levels and CVI.
Questions about this possible cause-and-effect relationship remain,
however, and future studies could involve more patients, with and
without venous disease, and longer periods of observation. Now
that objective measures of posture and walking intensity are avail-
able, the complicated relationship between activity and venous
insufficiency can be further explored and clarified.
JOURNAL OF VASCULAR SURGERY
Volume 44, Number 3 Eifell, Ashour, and Lees 587REFERENCES
1. Eberth-Willershausen W, Marshall M. Prevalence, risk factors and com-
plications of peripheral venous diseases in the Munich population.
Hautarzt 1984;35:68-77.
2. Callum MJ. Epidemiology of varicose veins. Br J Surg 1994;81:167-73.
3. Tuchsen F, Krause N, Hannerz H, Burr H, Kristensen TS. Standing at
work and varicose veins. Scand J Work Environ Health 2000;26:414-20.
4. Beebe-Dimmer JL, Pfeifer JR, Engle JS, Schottenfeld D. The epidemi-
ology of chronic venous insufficiency and varicose veins. Ann Epidemiol
2005;15:175-84.
5. Carpentier PH, Maricq HR, Biro C, Poncot-Makinen CO, Franco A. Preva-
lence, risk factors, and clinical patterns of chronic venous disorders of lower
limbs: a population-based study in France. J Vasc Surg 2004;40:650-9.
6. Tomei F, Baccolo TP, Tomao E, Palmi S, Rosati MV. Chronic venous
disorders and occupation. Am J Indust Med 1999;36:653-65.
7. Stvrtinova V, Kolesar J, Wimmer G. Prevalence of varicose veins of the lower
limbs in the women working at a department store. Int Angiol 1991;10:2-5.
8. Mekky S, SchillingRS,Walford J. Varicose veins inwomen cottonworkers.
An epidemiological study in England and Egypt. BMJ 1969;2:591-5.
9. Hobson J. Venous insufficiency at work. Angiology 1997;48:577-82.
10. van Uden CJ, van der Vleuten CJ, Kooloos JG, Haenen JH, Woller-
sheim H. Gait and calf muscle endurance in patients with chronic
venous insufficiency. Clin Rehab 2005;19:339-44.
11. Brand FN, Dannenberg AL, Abbott RD, Kannel WB. The epidemiol-
ogy of varicose veins: the Framingham Study. Am J Prevent Med
1988;4:96-101.
12. Guberan E, Widmer LK, Glaus L, Muller R, Rougemont A, Da Silva A,
et al. Causative factors of varicose veins: myths and facts. An epidemi-
ological study of 610 women. Vasa 1973;2:115-20.
13. Lorenzi G, Bavera P, Cipolat L, Carlesi R. The prevalence of primary
varicose veins among workers of a metal and steel factory. In: Negus D,
Jantet G, editors. Phlebology ’85. Paris: John Libbey; 1986, p. 18-21.
14. Recoules Arche J. The importance of sedentarism in the development
and complications of varicose veins. Angeiologie 1965;17:17-20.
15. Sadick NS. Predisposing factors of varicose and telangiectatic leg veins.
J Dermatol Surg Oncol 1992;18:883-6.
16. Ascar O, Emara A. Varicose veins and occupation. J Egypt Med Assoc
1970;53:341-50.
17. Maffei FH,Magaldi C, Pinho SZ, Lastoria S, PinhoW, Yoshida WB, et al.
Varicose veins and chronic venous insufficiency inBrazil; prevalence among
1755 inhabitants of a country town. Int J Epidemiol 1986;15:210-7.
18. Weddel JM. Varicose veins pilot survey. British J Prevent Soc Med
1969;23:179-86.
body mass indices (BMI). With respect to walking intensity, pa-19. Abramson JH, Hopp C, Epstein LM. The epidemiology of varicose
veins—a survey of western Jerusalem. J Epidemiol Community Health
1981;35:213-7.
20. Krijnen RM, de Boer EM, Ader HJ, Bruynzeel DP. Venous insuffi-
ciency inmale workers with a standing profession. Part 1: epidemiology.
Dermatology 1997;194:111-20.
21. Krijnen RM, de Boer EM, Ader HJ, Osinga DS, Bruynzeel DP. Com-
pression stockings and rubber floor mats: do they benefit workers with
chronic venous insufficiency and a standing profession? J Occup Envi-
ron Med 1997;39:889-94.
22. Porter J, Moneta G. Reporting standards in venous disease: an update.
J Vasc Surg 1995;21:635-45.
23. EklofB,RutherfordRB,BerganJJ,CarpentierPH,GloviczkiP,KistnerRL,et
al for the American Venous Forum International Ad Hoc Committee for
Revision of the CEAP Classification. Revision of the CEAP classification for
chronicvenousdisorders: consensus statement. JVascSurg2004;40:1248-52.
24. Kistner RL, Eklof B. Classification and diagnostic evaluation of chronic
venous disease. In: Gloviczki P, Yao JST, editors. Handbook of venous
disorders New York: Arnold; 2001. p. 94-103.
25. Walker DJ, Heslop PS, Plummer CJ, Essex T, Chandler S. A continuous
patient activity monitor: validation and relation to disability. Physiol
Measure 1997;18:49-59.
26. Evans CJ, Fowkes FG, Ruckley CV, Lee AJ. Prevalence of varicose veins and
chronic venous insufficiency in men and women in the general population:
Edinburgh Vein Study. J Epidemiol Community Health, 1999;53:149-53.
27. Nicolaides AN, Hussein MK, Szendro G, Christopoulos D, Vasdekis S,
Clarke H. The relation of venous ulceration with ambulatory venous
pressure measurements. J Vasc Surg 1993;17:414-9.
28. Neglen P, Raju S. Ambulatory venous pressure revisited. J Vasc Surg
2000;31:1206-13.
29. Raju S, Fredericks R, Lishman BS, Neglen P, Morano J. Observations
on the calf venous pump mechanism: Determinants of postexercise
pressure. J Vasc Surg 1993;17:459-69.
30. Nicolaides AN, Zukowski AJ. The value of dynamic venous pressure
measurements. World J Surg 1986;10:919-24.
31. Amaragiri SV. Continuous ambulatory venous pressure monitoring in
the lower limb. Surgical and Reproductive Sciences. Newcastle Upon
Tyne: University of Newcastle Upon Tyne; 2001.
32. Back TL, Padberg FT Jr, Araki CT, Thompson PN, Hobson RW, 2nd.
Limited range of motion is a significant factor in venous ulceration. J
Vasc Surg 1995;22:519-23.
Submitted Feb 19, 2006; accepted May 13, 2006.
Additional material for this article may be found online
at www.jvascsurg.org.INVITED COMMENTARYThomas L. Forbes, MD, London, Ontario, Canada
Normally, lower extremity venous hemodynamics includes
a reduction in ambulatory venous pressure with increased pa-
tient activity and calf muscle pump function. The absence of this
pressure reduction has been linked to the progression of chronic
venous insufficiency (CVI) and recurrence of venous ulcer-
ations. A potential cause of elevated venous pressures is reduced
patient activity, and a link between more sedentary lifestyles and
CVI has been explored previously with mostly subjective mea-
sures of activity. The present study attempts a more objective
analysis with an electronic activity and walking monitor in 60
patients with varying degrees of CVI during a single 24-hour
workday.
The main outcome measures were the level of patient activity
and walking intensity as determined by this unique activity-
monitoring device. Briefly, control patients were observed to
spend more time walking and standing and less time sitting
compared with CVI patients. The control subjects also had lowertients with severe CVI were found to walk the most but with lower
step amplitudes.
Although this study offers important observations, the rela-
tionship between sedentary lifestyles and CVI is still less than clear.
For example, is the increased time sitting and the higher BMI’s
noted in CVI patients an etiologic factor in the progression of CVI
or a result of the symptoms associated with it? Is the altered gait
with lower step amplitudes seen in the most severe CVI patients an
etiologic factor or a result of the observed skin changes? The
answer remains to be fully elucidated but is probably a bit of both.
The study’s authors are to be commended for adding an
objective measure to the study of patient activity levels and CVI.
Questions about this possible cause-and-effect relationship remain,
however, and future studies could involve more patients, with and
without venous disease, and longer periods of observation. Now
that objective measures of posture and walking intensity are avail-
able, the complicated relationship between activity and venous
insufficiency can be further explored and clarified.
JOURNAL OF VASCULAR SURGERY
September 2006587.e1 Eifell, Ashour, and LeesAppendix (online only).
Factors influencing activity on the day of monitoring
1. Did you work on the day of monitoring? YES NO
If yes, how many hours did you work? 0-4 4-8 8-12
Would you describe your occupation as: Sedentary Active
2. Would you describe your mood on the day of monitoring as being:
Very depressed Miserable/Unhappy Fine/OK Happy/Contented Euphoric
3. In comparison to any other day, would you describe your activities on the day of monitoring as:
Very busy Busy Average Quiet Very quiet
4. Did anything unusual happen on the monitoring day that would increase or decrease your activities?
Increase Decrease
5. Were you able to carry out your normal daily activities? Yes No
6. What day of the week did most of the monitoring take place?
Monday Tuesday Wednesday Thursday Friday Saturday Sunday
7. In what season did you do your monitoring?
